Using Northern blotting with a human genomic DNA probe for the pro-opiomelanocortin (POMC) gene, we have shown specific mRNA in normal human peripheral mononuclear cells (PBMC); the presence of specific mRNA was also observed in a T lymphocyte cell line derived from a patient with lymphoma.
Introduction
Evidence has accumulated that human peripheral blood mononuclear cells (PBMC), in vitro, may synthesize and release ACTH and endorphin-like peptides into the culture medium when stimulated with different substances such as Newcastle disease virus (1), lipopolysaccharide (2), or corticotrophin-releasing factor (3) . The presence of this material was assessed indirectly by immunofluorescence on fixed PBMC (1, 3) and by evaluation of the steroidogenic or opioid binding activities of supernatants from cultured cells (1) (2) (3) . Furthermore, it has been suggested that pro-opiomelanocortin (POMC)'-derived peptides produced by cells of the immune 1 . Abbreviations used in this paper: ACTH-LIR, ACTH-like immunoreactivity; nt, nucleotide(s); POMC, pro-opiomelanocortin. system play a role in pathological conditions such as septic shock (4) and the ectopic ACTH syndrome (5, 6) . Despite these data, no quantification of ACTH-like immunoreactivity (ACTH-LIR) in human PBMC has been reported. Quantitative evaluation of ACTH-LIR was achieved only in adherent macrophages purified from mouse spleen but no ACTH or ,B-endorphin-like material was detected in mouse peripheral lymphocytes (7) . Using Northern blotting, expression of the POMC gene was demonstrated in mouse splenocytes (8, 9) , however no such data has been reported in normal unstimulated human PBMC although, recently, transformed PBMC have been shown to produce POMC mRNA (10) .
In the present study, the ACTH content of human PBMC and lymphoid and myeloid cell lines has been measured using a radioimmunoassay; Northern blotting with a human genomic DNA probe for the POMG gene and chromatographic characterization of the ACTH-LIR have also been performed.
Methods
Human PBMC were obtained, by Lymphoprep density gradient centrifugation, from venous blood of 11 normal volunteers (three women and eight men, mean age 30±7 yr). At least 95% of these cells were positive for T and B markers. Several cell lines (n = 7) derived from patients with malignancies, were also studied. They include lymphoid (JM HUT78, HFB-1, WMPT, L6) and myeloid (HL60, U937) cell lines (Table I) . Cells were kept in culture with RPMI 1640 medium supplemented with 10% fetal calfserum, 100 IU penicillin/ml and 100 zg streptomycin/ml in 5% C02/air at 37°C until required. Before experimentation, cells were removed from tissue culture flasks and washed three times in phosphate buffered saline.
RNA hybridization studies. Total RNA from PBMC and lymphoid and myeloid cell lines was isolated from the cell pellet by homogenization in 4 M guanidine isothiocyanate 0.7% (vol/vol) f3-mercaptoethanol and centrifuged through a 5.7 M cesium chloride cushion according to the method described by Chirgwin et al. (11) Radioimmunoassay. To assess the ACTH content ofthe cells, they were lysed by the addition of 2 ml of 0.01 M HCI/2 X I07 cells containing 2,000 KIU Trasylol at 4VC. One hour was required to complete cell lysis, after which the lysate was heated for 10 min at 90'C. The ACTH was then measured by radioimmunoassay after Vycor extraction of the neutralized cell lysate, as previously described (15) . Using this system exogenously added ACTH gave a recovery > 95%.
Gelfiltration chromatography. The chromatographic characterization of ACTH-LIR detected in the cell lysate was performed by a modification of the technique of Ratter et al. (16) utilizing G50 and G75 Sephadex superfine columns (2.5 X 100 cm) eluted at 6 ml/h with 1% formic acid containing 1 g/liter polypep. Fractions were collected at intervals of 1 h, and after evaporation to dryness the column fractions were then reconstituted in assay buffer, and ACTH-LIR was measured by radioimmunoassay. Before processing, cell lysates were treated with 8 M urea at 4°C for 24 h in order to dissociate the ACTH which could have been bound to a carrier protein.
both lymphocyte cell lines, whereas U937 is a monocyte cell line (Table I ).
Chromatographic characterization. Sephadex G50 chromatographic profile of ACTH-LIR identified the presence of 1-39 ACTH together with higher-molecular-weight material eluting after the void volume (Fig. 3) . Further chromatography using Sephadex G75 superfine gel columns showed, in addition to high-molecular-weight material (> 43,000), ACTH immunoreactive peptides eluting between 43,000 and 20,000 molecular weight markers. These may represent the precursors 31,000-mol wt POMC and 22,000-mol wt ACTH (Fig. 4) .
Discussion
Previous data have emphasized the biological property (steroidogenic activity) of supernatants of PBMC stimulated in vitro with different stimuli but no quantitative measurement ofthe ACTH-LIR content ofthe cells was performed. We have demonstrated that both normal PBMC and the lymphoid and myeloid cell lines tested contain ACTH-LIR. This immunoreactivity is contributed to in part by peptides with chromatographic elution characteristics of 31,000-mol wt POMC, 22,000-mol wt ACTH, and 4,500-mol wt ACTH. Additional
Results
Expression ofthe POMC gene. Positive hybridization was detected with poly(A)+RNA from PBMC and total RNA from a T lymphocyte cell line (HUT78) (Fig. 1) . The hybridization band in the RNA from normal PBMC was calculated to be 800 nucleotides (nt) long. By contrast, the size of the POMC mRNA of HUT78 cells was 1,200 nt long, similar to that found in the pituitary. In addition a large hybridizing band of 6-7 kb was detected in HUT78 cells (Fig. 1, lane C) Sephadex G75 chromatography of lysate obtained ELUTION VOLUME (ml) from peripheral mononuclear cells (15 X I0).
overproduction might lead to the appearance of clinical and laboratory features of Cushing's syndrome.
In conclusion, the demonstration of POMC gene products in human PBMC underlines the presence of a close interrelationship between the immune and endocrine systems and may explain the pathophysiology of diseases with neuroendocrine and immune components. 
